Carbon dots (C-dots) have been successfully synthesized from cassava peels using the hydrothermal method. The C-dots are further passivated using poly (ethylene glycol) (PEG) with a variation of the volume of 0.5 ml, 1.0 ml, and 1.5 ml. The properties of photoluminescence C-dots before and after PEG were characterized using photoluminescence (PL) and time-resolved photoluminescence (TRPL) spectrophotometers. PEG succeeded in influencing PL C-dots properties, such as peak wavelength, PL intensity, and electron time decay. The addition of 0.5 ml of PEG to C-dots is the optimum condition and best with the peak wavelength, the PL intensity and, time decay electron is 507.52 nm, 5302 a.u, and 3.794031133 ns, respectively.
INTRODUCTION
Carbon dots (C-dots) have emerged recently as one of the most interesting discoveries in the search for new nanomaterials [1, 2] . C-dots was discovered accidentally in 2004 as one of the substances produced by the purification or purification of a type of single-walled carbon nanotubes (SWNT) [3] . C-dots are nanoparticles that emit light or fluoresce, are not toxic compared to similar alternatives such as quantum dots [2] . C-dots are materials belonging to the class of 0-dimensional nanoparticles that have photoluminescence (PL) properties [4] with a size below 10 nm, having an sp 2 hybridized carbon atom structure with abundant oxygen residues [5] and their surfaces coated with oxygen groups, polymer, or other species [6, 7] .
The development in making C-dots using natural materials that have carbon chain bonds is a challenge and very rapid progress [8] . This is because the optical properties of C-dots from natural sources or chemicals have comparable purity [9] . Some natural ingredients that have been made C-dots, as flowers [10] , fruit [11] , fruit peels [12, 13] , vegetables [14] , and leaves [15] . C-dots can be synthesized by several methods, as laser ablation [16] , electrochemical [17] , arc-discharge [3] , ultrasonic [18] , and microwave [13] . This method has several advantages, such as facile, fast, measurable and tunable surface conditions [19] . However, all the methods mentioned above at some level have disadvantages, such as complex and timeconsuming process requirements, high temperatures and complicated synthetic conditions [20] . Recently, hydrothermal is a method of synthesis of C-dots that is needed because it has environmentally friendly features without strong acids or organic reagents in the process. The resulting C-dots dissolve easily in water to form stable, yellow, and transparent aqueous solutions without precipitation for months [21] .
Zhu et al. show that C-dots formed from glucose that is PEG-passivated directly in the synthesis process produce mono-dispersion C-dots. According to them, PEG acts only as a passivating agent that coats the surface of C-dots resulting in different PL properties [22] . However, according to Jaiswal et al. the role of PEG in Zhu et al. research. It is still unclear the carbon source in C-dots comes from glucose, PEG or both because the passivation process is carried out directly in the synthesis process [23] . Therefore, we synthesize C-dots from cassava peel using the hydrothermal method and surface passivation with PEG. Furthermore, C-dots before and after PEG were characterized using PL spectrophotometers and TRPL to study the PL properties of C-dots.
RESEARCH METHOD
This research was carried out through several steps, such as synthesis and surface passivation of C-dots with PEG. This research scheme can be seen in FIGURE 1. 
Synthesis of C-dots
The 10 gr of cassava peels crush using a blender with 100 ml of aquadest as a solvent. The cassava peels solution is filtered to get the extract which will be used as a precursor for the synthesis of C-dots. 30 ml of precursor solution was put into the autoclave Teflon and heated using an oven at a temperature of 160 o C for 4 hours. The solution obtained was then filtered using 40 mesh filter paper to separate carbon precipitation and C-dots. Furthermore, the solution obtained from the filtration was centrifuged with 10000 rpm for 10 minutes to separate the remaining carbon precipitation and agglomerated particles to obtain clear colloids.
Addition of PEG in C-dots
The 0.2 ml of C-dots are put into a beaker and heated use hotplate at a temperature of 100 o C for 10 minutes so that the colloidal C-dots dried. Next, PEG with a volume variation of 0.5 ml, 1.0 ml, and 1.5 ml and heated at 100 o C for 5 minutes. Furthermore, 10 ml of aquadest to disperse C-dots and PEG, respectively.
Characterization
The PL C-dots were measured using a picosecond diode laser at a wavelength of 420 nm as a source of excitation. C-dots emissions are collected and directed to the PL detector using a beam splitter. PL C-dots spectrum data were obtained using the Spectra Suite software. Meanwhile, TRPL C-dots are measured using laser pulses as a source of their existence with a Micro Photon Devices (MPD) detector. C-dots emissions are directed to the TRPL detector using a beam splitter and are blocked using a 500 nm long pass filter. Electron all-time data obtained using software Time Harp 260. Settings in PL and TRPL C-dots measurements can be seen in FIGURE 2 [24] . 
Measurement of Life Time
All samples characterized using laser pulses on laser drivers and 500 nm long pass filters were then recorded using the TRPL detector to determine the electron time decay of C-dots. The electron time decay of C-dots can be obtained from the fitting decay curve which satisfies the multi-exponential decay function as in EQ.
(1) as follows [25] [26] [27] :
Where ai and τi are multi-exponential decay components of amplitude and lifetime. The measurement of the average lifetime of C-dots can be obtained using EQ. (2) [26] [27] [28] [29] [30] .
RESULTS AND DISCUSSION
The PL is the emission or emission of light from an excited state in an electronic transition spontaneously after absorbing light. The PL process can be observed in the position of the spectrum, dynamics, and efficiency in obtaining relevant information. The spectrum provides information about the energy difference between the excited state and the ground state which serves as the first indicator of material application [31] . All types of C-dots have emissions at the PL wavelength independently of the excitation wavelength [7] . The PL spectrum of C-dots colloid synthesized using the 4-hour hydrothermal method and PEG-passivated can be seen in FIGURE 3. The peak PL wavelength is maximum colloid C-dots and C-dots/PEG with variations of 0.5 ml, 1.0 ml, and 1.5 ml respectively 484.13 nm, 507.52 nm, 508.90 nm, and 509.82 nm with PL intensities of 223 au, 5302 au, 4977 au, and 4716 au respectively. It is worth mentioning that the shift in emission peak of CDs is an indication of multicolor fluorescence [32] .
The peak of the PL wavelength spectrum when PEG addition shows the redshift. The peak of PL intensity when adding 0.5 ml of PEG increased sharply, but when adding 1.0 ml, and 1.5 ml PEG decreased. The relationship between peak intensity and maximum PL wavelength can be seen in FIGURE 4. The shift in peak wavelength and maximum PL intensity observed at | 16
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peak PL intensity is ascribed to the carboxyl group and the degree of oxidation on the surface structure and not from particle size. It means that the PL C-dots are not like quantum dots semiconductors. Surface oxidation serves as the center of exciton capture to produce PL that is related to surface conditions. Higher oxidation levels on the surface of C-dots, which show more surface defects [33] . Besides, we assume that the difference in PL C-dots intensity is due to the molecular density and content of the preparation [33, 34] .
The electron time decay is an essential characteristic of light emitting nanoparticles. The time difference of all electrons corresponds to different electron-hole recombination mechanisms [35] . Electron time decay measurements are used to determine the PL properties that show some energy levels of C-dots [36] . The electron time measurements are carried out under the excitation pulse, and its decay is recorded after the excitation pulse ends [31] . The curve of electron time decay of C-dots and C-dots/PEG can be seen in FIGURE 5 . For all samples, the decay curves can be fitted to a triple exponential function, which suggests the presence of multi-radiative species [32] . Electron time decay of C-dots before and after passivated of PEG with variations in the volume of 0.5 ml, 1.0 ml and 1.5 ml which are 4.072503765 ns, 3.794031133 ns, 3.798995187 ns, and 3,81977658 ns, respectively. Such shorter lifetimes indicate radiative recombination of excitations [37] .
The PL spectrum position at the maximum intensity and time of all electrons in the C-dots colloid is related to the PL mechanism. The relationship of PL intensity and time of decay of electron C-dots can be seen in FIGURE 6. PL intensity influences the time of electrons in the colloidal C-dots. PL intensity increased at the addition of 0.5 mg/ml PEG and decreased when adding 1.0 mg/ml and 1.5 mg/ml PEG according to the time of all electrons. The short time of all electrons can show that the electrons directly return to the valence band in pulsed laser excitation. Meanwhile, the longer time of all electrons indicates that there may be an additional energy level between the valence and the conduction band. The short electron shedding time means high emission efficiency [38] . In this case, C-dots that are passivated by PEG show the longer the time of the electrons. In addition to PL intensities that can affect the time of electron shedding, changes in molecular functional groups (such as bond breaking) also affect emitters due to oxidation, aging and other modifications of organic molecules [39] . 
CONCLUSIONS
The addition of PEG with variations in the volume of 0.5 ml, 1.0 ml, and 1.5 ml on C-dots affected the peak wavelength, PL intensity and time of electrons. The addition of 0.5 ml of PEG to C-dots is the optimum condition and best with the peak wavelength at 507.52 nm, PL intensity at 5302 a.u, and the time of all electrons at 3.794031133 ns. These results provide the potential for C-dots/PEG in aqueous solutions to be applied as biological imaging and biosensing. However, additional optical measurements, bonding, and chemical composition, and particle structure are needed to support our findings.
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